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SUMMARY 
D i s s o l v e d o r g a n i c m a t t e r f r o m the Sa t i l l a R i v e r , a C o a s t a l P l a i n r i v e r of 
Sou theas t G e o r g i a , and a t r i b u t a r y s w a m p w a s s e p a r a t e d in to c h r o m a t o g r a p h i c a l l y 
h o m o g e n e o u s f r a c t i o n s by 'Sephadex ' g e l s . The o r g a n i c m a t t e r and i t s f r a c t i o n s 
w e r e c h a r a c t e r i z e d by the fol lowing p a r a m e t e r s : (1) e l e m e n t a l c o m p o s i t i o n , 
(2) oxygen -con t a in ing funct ional g r o u p con ten t , (3) i n f r a r e d s p e c t r a , and (4) n u m b e r -
a v e r a g e m o l e c u l a r we igh t (Mn). 
In g e n e r a l , t he oxygen-con ta in ing funct ional g r o u p con ten t of e a c h f r a c t i o n 
i n c r e a s e s w i th d e c r e a s i n g M n . Tota l ac id i ty r a n g e s f r o m 7 . 3 t o 12 .9 m e q / g , and 
c a r b o x y l g r o u p con ten t f r o m 3 . 2 t o 9 . 5 m e q / g . R i v e r w a t e r o r g a n i c m a t t e r c l o s e 
t o a s w a m p s o u r c e shows l o w e r to t a l a c id i t y and c a r b o x y l g r o u p con ten t when c o m ­
p a r e d t o o r g a n i c m a t t e r f u r t h e r d o w n s t r e a m . C a r b o n r a n g e s f r o m 4 0 . 0 t o 5 4 . 3 
p e r c e n t , h y d r o g e n f r o m 3 . 4 t o 5 . 6 p e r c e n t , n i t r o g e n f r o m 0 .7 to 1.9 p e r c e n t , 
and oxygen f r o m 3 9 . 6 t o 5 5 . 3 p e r c e n t . I n f r a r e d s p e c t r a of t h e f r a c t i o n s show t h e 
1725 c m ^ band b e c o m i n g p r o g r e s s i v e l y s t r o n g e r wi th i n c r e a s i n g c a r b o x y l c o n c e n ­
t r a t i o n . T h e w e a k 1725 c m ^ band in t h e s p e c t r a of u n d e s a l t e d o r g a n i c m a t t e r 
i n d i c a t e s t h a t t h e c a r b o x y l g r o u p s a r e t h e m o s t r e a c t i v e of t he funct ional g r o u p s 
in o r g a n i c m a t t e r - s a l t f o r m a t i o n . 
T h e Mn of f r a c t i o n s a s d e t e r m i n e d by v a p o r p r e s s u r e o s m o m e t r y r a n g e d 
f r o m 528 t o 3 0 9 5 . B a s e d on t h e Mn of e a c h f r ac t i on , t h e Mn of t h e u n f r a c t i o n a t e d 
o r g a n i c m a t t e r c a l c u l a t e s t o b e 1322, and i s in c l o s e a g r e e m e n t wi th t h e Mn 
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of 1266 d e t e r m i n e d on t he o r i g i n a l m a t e r i a l . T h e r a t i o Mw:Mn (Mw = w e i g h t -
a v e r a g e m o l e c u l a r weight) c a l c u l a t e d f r o m t h e f r a c t i o n s i s c l o s e t o un i ty , 
i nd i ca t ing t ha t the p a r e n t m a t e r i a l i s of low p o l y d i s p e r s i t y . 
T h e f r ac t i on wi th t he h ighes t Mn i s s i m i l a r t o h u m i c a c i d , b u t a c c o u n t s fo r 
only a s m a l l p o r t i o n (~5%) of the to ta l o r g a n i c m a t t e r , t he r e s t of which r e s e m b l e s 
fulvic a c i d . 
Humic s u b s t a n c e s of a r a t h e r n a r r o w m o l e c u l a r we igh t r a n g e a r e l e a c h e d 
f r o m a s w a m p y , low r e l i e f a r e a . As they a r e t r a n s p o r t e d d o w n s t r e a m , i t i s 
expec t ed t ha t the h i g h e r Mn p o r t i o n i s r e m o v e d f r o m so lu t ion by f loccu la t ion . The 
so lub le o r g a n i c m a t t e r r e m a i n i n g wi l l e x e r t c o n t r o l on t h e w a t e r c h e m i s t r y of t h e 
r i v e r t h r o u g h exchange r e a c t i o n s wi th t he i n o r g a n i c c o n s t i t u e n t s and t h r o u g h 
d i s s o c i a t i o n . Since the t r a n s p o r t a t i o n and a c c u m u l a t i o n of tox ic po l lu t an t s s u c h 
a s heavy m e t a l s i s g r e a t l y inf luenced by t h e i r a s s o c i a t i o n wi th r i v e r w a t e r o r g a n i c 
m a t t e r , t h e r e s u l t s of t h i s s tudy should b e of i n t e r e s t to t h o s e c o n c e r n e d wi th 
e n v i r o n m e n t a l p r o b l e m s . 
C H A P T E R I 
INTRODUCTION 
M o s t of t he d i s s o l v e d o r g a n i c m a t t e r (DOM) in C o a s t a l P l a i n r i v e r s of 
G e o r g i a i s d e r i v e d f rom w a t e r p e r c o l a t i n g t h r o u g h so i l o r w a t e r d i s c h a r g e d 
f r o m s w a m p s by f lush ing . In a r e c e n t s tudy of s o m e C o a s t a l P l a i n r i v e r s of t he 
S o u t h e a s t e r n United S ta t e s (Beck et a l . , 1973), c h e m i c a l c h a r a c t e r i s t i c s of t h e 
d i s s o l v e d o r g a n i c m a t t e r showed a m a r k e d s i m i l a r i t y to t h o s e of humic s u b ­
s t a n c e s . Humic s u b s t a n c e s o c c u r in s o i l s , t e r r e s t r i a l and m a r i n e s e d i m e n t s , 
and n a t u r a l w a t e r s . C h e m i c a l l y and p h y s i c a l l y , h u m i c s u b s t a n c e s differ g r e a t l y 
f r o m the h o m o g e n e o u s c l a s s e s of o r g a n i c c o m p o u n d s found in l i v ing m a t t e r . 
C l a s s i f i c a t i o n of h u m i c s u b s t a n c e s h a s b e e n b a s e d on so lub i l i ty , t he two m a i n 
c l a s s e s be ing h u m i c ac id and fulvic a c i d . Both a r e so lub le in w e a k l y a l k a l i n e 
so lu t i on . Upon ac id i f i ca t ion , h u m i c ac id p r e c i p i t a t e s , and fulvic ac id r e m a i n s 
in so lu t i on . 
T h e f o r m a t i o n p r o c e s s of h u m i c s u b s t a n c e s i s c o m p l e x and no t we l l u n d e r ­
s t o o d . D e s c r i b e d by F e l b e c k (1971), t h e s y n t h e s i s of h u m i c s u b s t a n c e s i nvo lves 
m o n o m e r s d e r i v e d f r o m t h e d e c o m p o s i t i o n of p l an t m a t e r i a l and m e t a b o l i c p r o ­
d u c t s of m i c r o b i a l o r i g i n , and s u b s e q u e n t p o l y m e r i z a t i o n of m o n o m e r s in to h igh 
m o l e c u l a r we igh t m a t e r i a l con ta in ing polyphenol ic and po lyca rboxy l i c bu i ld ing 
b l o c k s (Schn i t ze r and Khan, 1972). M o s t i n v e s t i g a t o r s c h a r a c t e r i z e humic s u b ­
s t a n c e s a c c o r d i n g to e l e m e n t a l c o m p o s i t i o n , con ten t of oxygen-con ta in ing 
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funct ional g r o u p s , u l t r a v i o l e t , v i s i b l e , and i n f r a r e d s p e c t r a , and m o l e c u l a r 
w e i g h t . In g e n e r a l , when c o m p a r e d to h u m i c a c i d , fulvic ac id h a s h i g h e r to ta l 
a c i d i t y , h i g h e r c a r b o x y l g r o u p con ten t , and l o w e r phenol ic hydroxy l con ten t . 
F u l v i c ac id h a s l o w e r c a r b o n con ten t , h i g h e r oxygen con ten t , and l o w e r a v e r a g e 
m o l e c u l a r we igh t t han h u m i c a c i d . 
T h e bulk of d i s s o l v e d o r g a n i c m a t t e r in n a t u r a l w a t e r c o n s i s t s of h u m i c 
s u b s t a n c e s l e a c h e d f r o m the s o i l . P a c k h a m (1964) found t ha t m o s t of t h e o r g a n i c 
m a t t e r in t he T h a m e s R i v e r w a s fulvic a c i d . A c c o r d i n g to Midwood and F e l b e c k 
(1968), fulvic ac id w a s t he m a j o r c o n s t i t u e n t of pond w a t e r . B a s e d on d e g r a d a -
t i v e s t u d i e s , C h r i s t m a n and G h a s s e m i (1966) conc luded t h a t d i s s o l v e d o r g a n i c 
m a t t e r f r o m n a t u r a l w a t e r s p a r t l y c o n s i s t s of po lyca rboxy l i c ac id wi th a phenol ic 
n u c l e u s . Oxida t ive d e g r a d a t i o n p r o d u c t s of d i s s o l v e d o r g a n i c m a t t e r a r e v e r y 
s i m i l a r t o t h e d e g r a d a t i o n p r o d u c t s of wood and soi l o r g a n i c m a t t e r . 
R i v e r w a t e r o r g a n i c m a t t e r h a s the ab i l i ty to i n t e r a c t wi th i n o r g a n i c 
d i s s o l v e d s p e c i e s by a d s o r p t i o n , ca t ion exchange , and c h e l a t i o n , and to dona te 
hyd rogen ions in t h e p r o c e s s , t h u s inf luencing t h e c h e m i s t r y of n a t u r a l w a t e r s 
(Beck e t a l . , 1973). In t h i s s tudy d i s s o l v e d o r g a n i c m a t t e r in r i v e r w a t e r w a s 
c h a r a c t e r i z e d by c h e m i c a l and s p e c t r o s c o p i c a n a l y s e s . Only a l i m i t e d a t t e m p t 
w a s m a d e to s e p a r a t e t he o r i g i n a l l y p o l y d i s p e r s e (he t e rogeneous ) o r g a n i c m a t t e r 
in to m o r e h o m o g e n e o u s f r a c t i o n s for de t a i l ed s tudy . The p u r p o s e of t h i s s tudy 
i s t o con t inue t h e c h a r a c t e r i z a t i o n of r i v e r w a t e r o r g a n i c m a t t e r p r e v i o u s l y c o n ­
duc ted by Beck e t a l . (1973) in o r d e r t o b e t t e r u n d e r s t a n d t h e inf luence of 
d i s s o l v e d o r g a n i c m a t t e r on t h e c h e m i s t r y of r i v e r w a t e r . P a r t i c u l a r e m p h a s i s 
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i s p l a c e d on t he p r e p a r a t i o n and a n a l y s i s of c h r o m a t o g r a p h i c a l l y h o m o g e n e o u s 
f r a c t i o n s , and t he d e t e r m i n a t i o n of t he a v e r a g e m o l e c u l a r w e i g h t s of t he o r i g i n a l 
m a t e r i a l and i t s f r a c t i o n s . 
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C H A P T E R E 
MATERIALS AND METHODS 
S a m p l e Co l l ec t ion and E x t r a c t i o n 
The Sa t i l l a R i v e r ly ing in t he C o a s t a l F l a t w o o d s r e g i o n of the C o a s t a l 
P l a i n r e c e i v e s i t s w a t e r f r o m the i n t e r n a l d i s c h a r g e and s u r f a c e runoff of w a t e r s 
f r o m low ly ing s o i l s and s w a m p s . T h e geologic s e t t i n g of t h e Sat i l la R i v e r B a s i n 
h a s b e e n d e s c r i b e d in de t a i l by B e r g e a u x (1969) . S a m p l e s w e r e c o l l e c t e d f r o m 
two l o c a t i o n s , RS19 and RS36 ( F i g u r e 1). RS19 i s s i t u a t e d in t he Sat i l la R i v e r 
j u s t d o w n s t r e a m f r o m w h e r e i t s m a n y b r a n c h e s jo in . RS36 i s l oca t ed d o w n s t r e a m 
f r o m RS19 in t he County L ine B r a n c h , a s m a l l s t r e a m flowing t h r o u g h a s w a m p 
in to t h e Sa t i l l a R i v e r (be tween C a m d e n and B r a n t l e y C o u n t i e s , G e o r g i a ) . 
A s a m p l e (RS19) of 120 l i t e r s of Sa t i l l a R i v e r w a t e r w a s c o l l e c t e d J u l y , 
1972 in t w e n t y - l i t e r po lye thy lene c o n t a i n e r s . T h e r i v e r w a t e r w a s cen t r i fuged 
a t 12, 000 r . p . m . on a So rva l l cen t r i fuge (Model S S - 3 , r o t o r t ype SS-34) e q u i p ­
ped wi th a con t inuous flow s y s t e m (KSB-3 , flow r a t e : 100-150 m l / m i n . ) t o 
r e m o v e p a r t i c u l a t e m a t t e r . The r i v e r w a t e r w a s c o n c e n t r a t e d f ive-fold in vacuo 
and s t o r e d a t 3°C u n d e r n i t r o g e n . T h e c o n c e n t r a t e w a s d e s a l t e d wi th 'Rexyn 101 ' 
( H + f o r m ) . A n a l y s i s by a t o m i c a d s o r p t i o n s p e c t r o m e t r y b e f o r e and a f t e r d e s a l t ­
ing showed tha t m o s t of t h e s o d i u m ion w a s r e m o v e d . T h e v o l u m e of t h e d e s a l t e d 
c o n c e n t r a t e w a s r e d u c e d f u r t h e r to one l i t e r and f r e e z e - d r i e d . 
R i v e r w a t e r (240 1 ) f r o m loca t ion RS36 w a s c o l l e c t e d in Augus t , 1972. 
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T h e r i v e r w a t e r w a s c o n c e n t r a t e d in vacuo and f r e e z e - d r i e d y ie ld ing t h e d i s s o l v e d 
c h e m i c a l load m i n u s vo la t i l e a c i d s . T h e d r y s a m p l e w a s c a l l e d RS36A RAW. 
D i s t i l l e d w a t e r w a s added to RS36A RAW (50 m l H O / g r a m o r g a n i c m a t t e r ) y i e l d -
ing two f r a c t i o n s : a) o r g a n i c m a t t e r d i s s o l v e d in w a t e r , and b) a d a r k p r e c i p i t a t e 
c a l l e d RS36A RAW P P T . The p r e c i p i t a t e w a s r e m o v e d by cen t r i fuga t ion a t 
12, 000 r . p . m . for 15 m i n u t e s . T h e d i s s o l v e d f r ac t i on of RS36A RAW w a s d e s a l t e d 
t w i c e by t he b a t c h m e t h o d w i th ' B i o - R a d AGX8 5 0 - 1 0 0 ' ( H + f o rm) u s i n g a w e t bed 
v o l u m e of 25 m l r e s i n t o 1 g r a m o r g a n i c m a t t e r . T h e f inal so lu t ion w a s c o n c e n ­
t r a t e d t h r e e - f o l d in vacuo and f r e e z e - d r i e d , y i e l d i n g d r y , d e s a l t e d o r g a n i c m a t t e r 
c a l l e d RS36A. B e f o r e f r e e z e - d r y i n g , t he d i s s o l v e d f r ac t i on con ta ined HC1 and 
H_SC> f r o m t h e r i v e r w a t e r a n i o n s (CI , and SO, ) . T h e s e should b e r e m o v e d 
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by f r e e z e - d r y i n g and s u b s e q u e n t d r y i n g in v a c u o . 
A s e c o n d s a m p l e (240 1) c o l l e c t e d in l a t e Augus t , 1972 f r o m loca t ion 
RS36 w a s c o n c e n t r a t e d and f r e e z e - d r i e d . T h i s m a t e r i a l (undesa l ted) w a s c a l l e d 
RS36B RAW. 
Gel F i l t r a t i o n C h r o m a t o g r a p h y (GFC) 
T h e c h r o m a t o g r a p h i c a s s e m b l y i s shown in F i g u r e 2 . C o l u m n s w e r e 
p r e p a r e d wi th ' Sephadex 1 g e l s , G - 5 0 , G - 2 5 , G - 1 5 , and G - 1 0 . D e g a s s e d d i s t i l l e d 
w a t e r w a s p u m p e d f r o m a r e s e r v o i r by a c o n t r o l l e d v o l u m e p u m p (Milton Roy 
M i n i - P u m p Mode l 196-32) t o e i t h e r a co lumn of d i m e n s i o n s 2 . 5 x 100 c m o r 4 . 5 
x 50 c m . To r e d u c e cyc l i c p r e s s u r e g r a d i e n t s c a u s e d by t h e r e c i p r o c a t i n g p u m p , 
a p u l s e d a m p e n e r (LDC Model 709) w a s c o n n e c t e d v ia a flow r e s t r i c t o r c r e a t i n g 
a back p r e s s u r e of 3 0 0 - 3 5 0 p . s . i . The flow r a t e w a s 40 m l / h r . fo r t he s m a l l 
E l u a n t 
R e s e r v o i r 
Pump 
P u l s e 
Dampener 
Columns 
B y - p a s s 
Flow R e s t r i c t o r 
Photometeif 
F r a c t i o n 
C o l l e c t o r 
C h a r t 
R e c o r d e r 
Sample 
F i g u r e 2 . C h r o m a t o g r a p h i c A s s e m b l y for t h e Gel F i l t r a t i o n of DOM. 
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d i a m e t e r c o l u m n , and 152 m l / h r . o r 120 m l / h r . fo r t h e l a r g e d i a m e t e r c o l u m n . 
The v o l u m e of e a c h s a m p l e in jec ted onto t h e co lumn w a s s t a n d a r d i z e d by m e a n s 
of a s a m p l e loop of a v o l u m e of 10 m l for t h e s m a l l e r c o l u m n , and 40 m l fo r 
t h e l a r g e r c o l u m n . T h e op t i ca l d e n s i t y of t h e c o l u m n effluent w a s con t inua l ly 
m o n i t o r e d by a f low-through p h o t o m e t e r (ISCO Model 222) a t 425 mjuand r e c o r d e d 
on a s t r i p c h a r t r e c o r d e r . F i v e m l f r a c t i o n s and 15 m l f r a c t i o n s f r o m t h e s m a l l e r 
and l a r g e r c o l u m n s r e s p e c t i v e l y , w e r e co l l e c t ed in t e s t t u b e s on a f r ac t i on c o l l e c ­
t o r (ISCO Model 326) . 
T o p r e p a r e RS19 fo r G F C , one g r a m of f r e e z e - d r i e d , pu r i f i ed RS19 w a s 
d i s s o l v e d in 15 0 m l of d i s t i l l e d w a t e r . T h e o r g a n i c m a t t e r wen t in to so lu t ion 
r e a d i l y . Af te r ad jus t ing t o pH 7 . 0 wi th 0. IN NaOH, d i s t i l l ed w a t e r w a s added 
to a t o t a l of 200 m l . T e n m l p o r t i o n s w e r e in jec ted onto t he s m a l l e r c o l u m n . 
T h e G F C f r a c t i o n s ob ta ined by t h e s m a l l e r c o l u m n did no t y ie ld suff ic ient m a t e r i a l 
t o c a r r y out m o l e c u l a r we igh t d e t e r m i n a t i o n s . Consequen t ly , t he l a r g e r c o l u m n 
w a s u s e d . G F C of RS36A w a s p e r f o r m e d in a m a n n e r s i m i l a r to the G F C of 
RS 19 . A to ta l of 6 . 2 9 0 g of o r g a n i c m a t t e r w a s f r ac t i ona t ed on t h e l a r g e r 
c o l u m n in p o r t i o n s of 40 m l con ta in ing 0 . 2 4 g of o r g a n i c m a t t e r . 
A f t e r c h r o m a t o g r a p h y on one ge l , t h e effluent w a s s e p a r a t e d in to two 
f r a c t i o n s , t he exc luded m a t e r i a l and t h e r e t a r d e d m a t e r i a l ( F i g u r e 3 ) . In s o m e 
c a s e s t h e exc luded m a t e r i a l had t o be r e c h r o m a t o g r a p h e d , b e c a u s e i t con ta ined 
r e t a r d e d m a t e r i a l y i e ld ing f r a c t i o n s Exc luded II and R e t a r d e d n . The exc luded 
m a t e r i a l s u p p o s e d l y p a s s e s a r o u n d t h e indiv idual gel p a r t i c l e s and i s t h e f i r s t 
to l e a v e t h e c o l u m n . T h e r e t a r d e d m a t e r i a l p a s s e s t h r o u g h t h e p o r o u s gel p a r t i ­




G-50 Exc luded G-50 R e t a r d e d 
i 1 . 




G-25 Exc luded G-25 R e t a r d e d 
i 1 1 
G-25 Exc luded E G-25 Regarded E 
G-15 
l _ 
G-15 Exc luded G-15 R e t a r d e d 
i 1 1 
G-15 Exc luded II G-15 R e t a r d e d II 
I 
G-10 
i 1 1 
G-10 Exc luded G-10 R e t a r d e d 
F i g u r e 3 . S c h e m a t i c F low C h a r t for Gel F i l t r a t i o n of DOM. 
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o r d e r of g e l s u s e d w a s a c c o r d i n g to t h e i r exc lus ion l i m i t fo r a p a r t i c u l a r r a n g e 
of a v e r a g e m o l e c u l a r w e i g h t s , t h e gel w i th t h e h i g h e s t e x c l u s i o n l i m i t (G-50) be ing 
u s e d f i r s t and the gel w i th t h e l o w e s t exc lu s ion l i m i t (G-10) be ing u s e d l a s t . The 
exc luded m a t e r i a l f r o m G-50 and G-15 g e l s con ta ined r e t a r d e d m a t e r i a l and w a s 
c h r o m a t o g r a p h e d aga in t o obta in a m o r e h o m o g e n e o u s s e p a r a t i o n . The exc luded 
m a t e r i a l f r o m G - 2 5 a n d G-15 did not y ie ld r e t a r d e d m a t e r i a l upon r e c h r o m a t o g r a p h y . 
P a r t i t i o n coef f ic ien t s (K^) u s e d to d e s c r i b e t he e lu t ion b e h a v i o r of o r g a n i c 
m a t t e r on 'Sephadex* g e l s w e r e c a l c u l a t e d a c c o r d i n g to Gelo t te (1960) a s fo l lows: 
V - V 
e o 
K = —— , w h e r e V. = a* W . 
D V. 1 r 
l 
i s t h e a q u e o u s v o l u m e i n s i d e the gel g r a i n s , V Q i s t he o u t e r aqueous v o l u m e 
s u r r o u n d i n g t h e gel g r a i n s , and V i s t he e lu t ion v o l u m e . V. w a s c a l c u l a t e d by 
e i 
mu l t i p ly ing t he a m o u n t of w a t e r r e g a i n e d (W^) by t h e weigh t of the d r y gel (a ) . 
V Q w a s d e t e r m i n e d wi th ' D e x t r a n Blue 2000 ' u s i n g 20 m g D e x t r a n B l u e / 1 0 m l 
p h o s p h a t e buffer (50 m l of 0 . 1 m o l a r p o t a s s i u m d ihydrogen p h o s p h a t e + 2 9 . 1 m l 
0 . 1 m o l a r NaOH) and e lu t ing wi th p h o s p h a t e buffer a t pH 7 . 0. P a r t i t i o n coef f i ­
c i e n t s of e lu t ion p e a k s n e a r 0. 0 r e p r e s e n t exc luded m a t e r i a l . P a r t i t i o n coef f i ­
c i e n t s g r e a t e r t han 0. 0 r e p r e s e n t r e t a r d e d m a t e r i a l . 
E l e m e n t a l A n a l y s i s 
C a r b o n , h y d r o g e n , and n i t r o g e n a n a l y s e s of d i s s o l v e d o r g a n i c m a t t e r and 
G F C f r a c t i o n s w e r e p e r f o r m e d by a c o m m e r c i a l a n a l y t i c a l l a b o r a t o r y (At lant ic 
M i c r o l a b , I n c . , A t l an ta , G e o r g i a ) . F o r t he d e t e r m i n a t i o n of c a r b o n and h y d r o g e n , 
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a modi f i ed P r e g e l t e chn ique w a s u s e d . N i t r o g e n w a s a n a l y z e d by a modif ied 
D u m a s t e c h n i q u e . S a m p l e s w e r e d r i e d to c o n s t a n t we igh t in vacuo o v e r P _ 0 _ 
2 5 
fo r s e v e r a l d a y s b e f o r e a n a l y s i s . 
Oxygen-Con ta in ing Func t iona l G r o u p A n a l y s i s 
A n a l y s e s of to ta l a c i d i t y and ca rboxy l g roup con ten t w e r e p e r f o r m e d 
a c c o r d i n g to S c h n i t z e r and Gupta (1965). To ta l a c i d i t y w a s d e t e r m i n e d by t h e 
b a r i u m h y d r o x i d e m e t h o d . The c a l c i u m a c e t a t e m e t h o d w a s u s e d to m e a s u r e t h e 
c a r b o x y l g r o u p con t en t . 
In t h e b a r i u m hyd rox ide m e t h o d an e x c e s s of 0 .25 N Ba(OH) i s r e a c t e d 
wi th d i s s o l v e d o r g a n i c m a t t e r . The r e m a i n i n g Ba(OH) i s t i t r a t e d wi th 0. ION 
HC1 to pH 8 .4 u s i n g a g l a s s e l e c t r o d e . A blank i s p r e p a r e d and t i t r a t e d in a 
s i m i l a r m a n n e r . To ta l a c id i t y i s c a l c u l a t e d a s fo l lows: 
f t i ter , . , , _ - t i t e r , , v )x g r a m s HC1 x d e n s i t y HC1 x n o r m a l i t y x 1000 \ (blank) ( s a m p l e ) / _ 
weigh t of s a m p l e (mg ) 
= m i l l i e q u i v a l e n t s (meq ) to ta l a c i d i t y / g r a m o r g a n i c m a t t e r . 
F o r g r e a t e r p r e c i s i o n , t i t r a t i o n s w e r e p e r f o r m e d on a M e t t l e r b a l a n c e P 1 6 0 -
t i t r a t i o n s y s t e m D P 1 1 . 
F o r t h e d e t e r m i n a t i o n of c a r b o x y l g r o u p s , 1. 0 N c a l c i u m a c e t a t e i s r e a c t e d 
wi th d i s s o l v e d o r g a n i c m a t t e r . T h e r e a c t i o n y i e l d s a c e t i c ac id wh ich i s t i t r a t e d 
wi th 0. 010 N NaOH to pH 9 . 8 u s i n g a g l a s s e l e c t r o d e . A blank i s p r e p a r e d and 
t i t r a t e d . C a r b o x y l g r o u p con ten t i s c a l c u l a t e d a s fo l lows: 
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( t i * e r ( S a m p l e ) " t i t e r ( b l a n k ) / X g r a m s N a Q H x d e n s i t y NaOH x n o r m a l i t y x 1000 
we igh t of s a m p l e (mg ) 
= m e q c a r b o x y l g r o u p s / g r a m d i s s o l v e d o r g a n i c m a t t e r . 
Th roughou t t he p r e p a r a t i o n and s u b s e q u e n t handl ing of NaOH and p a r t i c u ­
l a r l y B a ^ H ) ^ , e x t r e m e c a r e w a s e x e r c i s e d t o p r e v e n t a b s o r p t i o n of a t m o s p h e r i c 
C 0 2 . Only c a r b o n a t e - f r e e d i s t i l l e d w a t e r w a s u s e d . T i t r a t i o n s w e r e p e r f o r m e d 
u n d e r n i t r o g e n . 
I n f r a r e d S p e c t r o s c o p y 
I n f r a r e d s p e c t r a fo r RS36A RAW, RS36B RAW, RS19, and RS36A w e r e 
r e c o r d e d on a B e c k m a n IR-12 s p e c t r o p h o t o m e t e r . T h e o t h e r s a m p l e s (RS36A 
RAW P P T , RS19 f r a c t i o n s and RS36A f r ac t i ons ) w e r e a n a l y z e d on a P e r k i n - E l m e r 
457 s p e c t r o p h o t o m e t e r . T h e o r g a n i c m a t t e r w a s d r i e d o v e r P o 0 in vacuo fo r 
z 5 
s e v e r a l d a y s t o c o n s t a n t we igh t . S p e c t r o a n a l y t i c a l K B r w a s a i r d r i e d fo r 3 h o u r s 
o 
a t 105-110 C . K B r p e l l e t s w e r e p r e p a r e d u n d e r t he p r e c a u t i o n s out l ined by 
Theng e t a l . (1966). A p p r o x i m a t e l y 1-2 m g o r g a n i c m a t t e r w a s m i x e d wi th 100-
150 m g K B r , t he m i x t u r e g round to a f ine p o w d e r and p r e s s e d u n d e r 10, 000 p . s . i . 
for s e v e r a l m i n u t e s . Af ter s e v e r a l r u n s , a K B r b lank s p e c t r u m w a s r e c o r d e d . 
In a l l c a s e s , m o i s t u r e i n t e r f e r e n c e f r o m K B r w a s found to be m i n i m a l . 
V a p o r P r e s s u r e O s m o m e t r y 
T h e m e t h o d u s e d fo r t h e d e t e r m i n a t i o n of n u m b e r - a v e r a g e m o l e c u l a r w e i g h t s 
w a s deve loped by Hansen and S c h n i t z e r (1969) . N u m b e r - a v e r a g e m o l e c u l a r we igh t 
(Mn) i s t h e r a t i o of t he t o t a l weigh t of m o l e c u l e s p r e s e n t in a m i x t u r e t o t h e t o t a l 
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n u m b e r of m o l e c u l e s . M n ' s w e r e d e t e r m i n e d for the o r i g i n a l o r g a n i c m a t t e r 
(RS36A P a r e n t ) 1 and e a c h f r ac t i on of RS36A on a M e c h r o l a b Model 301A v a p o r 
o 
p r e s s u r e o s m o m e t e r a t 37 C . The i n s t r u m e n t w a s c a l i b r a t e d a c c o r d i n g t o t he 
m a n u f a c t u r e r ' s r e c o m m e n d a t i o n s . The c a l i b r a t i o n c o n s t a n t w a s d e t e r m i n e d t o 
b e 6 0 . 3 1 kg o h m s / g . F o r e a c h of s a m p l e s RS36A P a r e n t , G-25 Exc luded , and 
G-10 R e t a r d e d , so lu t ions w e r e p r e p a r e d wi th lOg H O . S a m p l e s RS36A G-50 
Li 
Exc luded , G-15 Exc luded , and G-10 Exc luded w e r e p r e p a r e d w i th 5g H r O . 
W e i g h t s of o r g a n i c m a t t e r and d i s t i l l ed w a t e r w e r e m e a s u r e d to 0 . 1 m g on a 
M e t t l e r b a l a n c e (Type H - 1 5 ) . AR v a l u e s ( i n s t r u m e n t r e a d o u t in ohms) w e r e 
r e c o r d e d 10 m i n u t e s (+ 10 s e c . ) a f t e r p l ac ing a d r o p of so lu t ion on t he t h e r m i s t o r 
b e a d . T h r e e t o s ix r e a d i n g s w e r e t aken for e a c h c o n c e n t r a t i o n . D i s t i l l ed w a t e r 
f r o m t h e s a m e c o n t a i n e r w a s u s e d in t h e so lven t s y r i n g e , so lven t cup , and for 
t h e p r e p a r a t i o n of t h e s o l u t i o n s . Af ter c l ean ing , e ach s y r i n g e w a s r i n s e d once 
wi th s a m p l e so lu t ion b e f o r e load ing for in j ec t ion . Af ter two to t h r e e r e a d i n g s , 
t he o s m o m e t e r w a s r e - b a l a n c e d wi th s o l v e n t . 
pH w a s m e a s u r e d wi th a combina t i on g l a s s e l e c t r o d e (Sa rgen t Mode l 
S-30072-15) on an O r i o n 801 Digi ta l pH m e t e r . - Two s t a n d a r d buffer s o l u t i o n s , 
0 . 05 m o l a l p o t a s s i u m h y d r o g e n p h t h a l a t e (pH 4 . 008 a t 2 5 ° C , F i s h e r Scient i f ic 
C o . ) and 0 . 0 5 m o l a l p o t a s s i u m t e t r o x a l a t e (pH 1.679 a t 2 5 ° C , Nat iona l B u r e a u of 
S t a n d a r d s ) w e r e u s e d to c a l i b r a t e t h e pH e l e c t r o d e . All r e a d i n g s w e r e r e c o r d e d 
t h r e e m i n u t e s a f t e r i n s e r t i o n of t h e pH e l e c t r o d e in to t h e so lu t ion . R e a d i n g s of 
1 F o r c l a r i t y , s a m p l e s RS19 and RS36 a r e s o m e t i m e s r e f e r r e d t o a s RS19 P a r e n t 
and RS36A P a r e n t to d i s t i n g u i s h t h e m f r o m t h e i r G F C f r a c t i o n s . 
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pH of each so lu t ion u s e d in t he v a p o r p r e s s u r e o s m o m e t e r w e r e r e c o r d e d in t h e 
fol lowing s e q u e n c e : 1) pH of s t a n d a r d bu f f e r s , 2) pH of v a r i o u s c o n c e n t r a t i o n s 
of one f r a c t i o n , 3) pH of s t a n d a r d bu f f e r s , 4) pH of v a r i o u s c o n c e n t r a t i o n s of one 
f r a c t i o n , and 5) pH of s t a n d a r d b u f f e r s . The a v e r a g e v a l u e for t h e pH of t he 
s t a n d a r d buf fe r s w a s d e t e r m i n e d and c o r r e c t e d by c o m p a r i n g t he r e c o r d e d va lue 
of t he s t a n d a r d buf fe r s wi th t h e i r s t a n d a r d pH, i . e . 1.679 and 4 . 008 a t 2 5 ° C . 
A c o r r e c t i o n w a s t hen app l i ed t o t h e a v e r a g e pH r e a d i n g of e ach c o n c e n t r a t i o n . 
The c o r r e c t e d pH v a l u e w a s c a l c u l a t e d to t h e n e a r e s t 0 . 001 u n i t . 
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C H A P T E R HI 
R E S U L T S AND DISCUSSION 
D i s s o l v e d O r g a n i c M a t t e r in R i v e r W a t e r 
D e s a l t i n g and f r e e z e - d r y i n g of 120 l i t e r s of r i v e r w a t e r y i e lded 4 . 9 3 g 
of fluffy, d a r k b r o w n m a t e r i a l (RS19) which i s a c o n c e n t r a t i o n of 3 4 . 7 p p m on an 
a s h - f r e e b a s i s . Beck e t a l . (1973) found 2 4 . 0 p p m o r g a n i c c a r b o n in a w a t e r 
s a m p l e f r o m t h e s a m e s i t e . B a s e d on t he a p p r o x i m a t i o n t h a t t he o r g a n i c m a t t e r 
i s 50 p e r c e n t c a r b o n , t h e c o n c e n t r a t i o n of o r g a n i c m a t t e r i s 4 8 . 0 p p m . T h e low 
y ie ld (34 .7 ppm) i s c a u s e d p a r t l y by a d s o r p t i o n of o r g a n i c m a t t e r on t h e ion 
exchange r e s i n , and p a r t l y by t h e m a n y d i f fe ren t m a n i p u l a t i o n s . 
R i v e r w a t e r f r o m t h e County L ine B r a n c h of t h e Sat i l la R i v e r y i e lded 
3 1 . 2 g (RS36A) a f t e r c o n c e n t r a t i o n and f r e e z e - d r y i n g . The c o n c e n t r a t i o n of 
RS36A on an a s h - f r e e b a s i s w a s 120 p p m . When t h e s a m p l e w a s r e d i s s o l v e d in 
d i s t i l l e d w a t e r , a d a r k p r e c i p i t a t e (RS36A RAW P P T ) f o r m e d . RS36A RAW P P T 
we ighed 1.483 g and accoun ted for 3 . 0 p e r c e n t of t he t o t a l o r g a n i c m a t t e r 
( a s h - f r e e ) . In o r d e r to check w h e t h e r h u m i c ac id had been a d s o r b e d on t h e ion 
exchange r e s i n d u r i n g d e s a l t i n g of RS36A, t h e r e s i n w a s l e a c h e d wi th 2N NaOH. 
The l e a c h a t e w a s f i r s t ac id i f ied to pH 3 , then t o pH 1 wi th c o n c e n t r a t e d HC1. No 
p r e c i p i t a t e f o r m e d and t he so lu t ion r e m a i n e d a b r o w n c o l o r . The a b s e n c e of 
p r e c i p i t a t i o n i n d i c a t e s t h a t h u m i c a c i d w a s not a d s o r b e d on t h e r e s i n . P r o b a b l y 
only m a t e r i a l r e s e m b l i n g fulvic ac id w a s a d s o r b e d . Ano the r w a t e r s a m p l e f r o m 
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t h e County L ine B r a n c h (RS36B) y ie lded 3 7 . 5 g o r g a n i c m a t t e r . I t s c o n c e n t r a t i o n 
in r i v e r w a t e r w a s 132 p p m ( a s h - f r e e ) . 
Gel F i l t r a t i o n C h r o m a t o g r a p h y 
Gel f i l t r a t i on c h r o m a t o g r a p h y (GFC) h a s been app l i ed by n u m e r o u s i n v e s t i ­
g a t o r s to s e p a r a t e h u m i c s u b s t a n c e s in to f r a c t i o n s (Gjess ing and L e e , 1967; 
G h a s s e m i and C h r i s t m a n , 1968; S c h n i t z e r and Sk inner , 1968; Swift and P o s n e r , 
1971). ' Sephadex ' g e l s a r e u s e d to s e p a r a t e d i s s o l v e d o r g a n i c m a t t e r in to f r a c t i o n s 
of a p a r t i c u l a r m o l e c u l a r we igh t r a n g e . S ince i n t e r a c t i o n s be tween the gel and 
o r g a n i c m a t t e r o c c u r ( C a m e r o n , e t a l . , 1972), only t h o s e f r a c t i o n s which have 
t he l e a s t c h a n c e of i n t e r a c t i o n , i . e . t he exc luded m a t e r i a l . w e r e c o n s i d e r e d t o b e 
c h r o m a t o g r a p h i c a l l y h o m o g e n e o u s . 
F i g u r e 4 shows t h e e lu t ion p a t t e r n s of v a r i o u s GFC f r a c t i o n s . The d a s h e d 
l i n e s in F i g u r e 4 i n d i c a t e s t h e s e p a r a t i o n m a d e be tween f r a c t i o n s . T h e m a t e r i a l 
to t h e lef t of t h e da shed l i ne i s of low va lue and w a s c o n s i d e r e d to b e exc luded . 
T h e m a t e r i a l t o t he r i g h t w a s c o n s i d e r e d r e t a r d e d . P a r t i t i o n coef f ic ien t s (K^) 
for t h e exc luded m a t e r i a l of RS36A w e r e not d e t e r m i n e d wi th ' D e x t r a n Blue 2000 ' 
a s h a d b e e n done p r e v i o u s l y fo r RS19 . A va lue of 0. 0 w a s a s s i g n e d to t h e 
exc luded p e a k s of t h e RS36A f r a c t i o n s . F o r the e lu t ion p e a k s in F i g u r e 4 , 
v a l u e s a r e l e s s t han 1. 0 i nd ica t ing t h a t a d s o r p t i o n be tween gel and o r g a n i c m a t t e r 
w a s m i n i m a l (Schn i t ze r and Sk inner , 1968). 
In o r d e r t o i n v e s t i g a t e i n t e r a c t i o n s b e t w e e n d i s s o l v e d o r g a n i c m a t t e r 
(DOM) and ge l , t h e exc luded m a t e r i a l f r o m RS19 G-25 w a s c h r o m a t o g r a p h e d a s 
shown by t h e e lu t ion p a t t e r n of G-25 Exc luded ( s e e F i g u r e 4 ) . T h e exc luded 
RS19 G-25 Exc luded 
400 450 
E l u t i o n Volume (ml) 
F i g u r e 4 . E lu t ion P a t t e r n s of DOM. RS19 F r a c t i o n s E lu ted on 2 . 5 x 100 
RS36A F r a c t i o n s E lu ted on 4 . 5 x 50 c m C o l u m n . 
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150 200 250 300 
E l u t i o n Volume (ml) 
F i g u r e 4 (Cont inued) . Elu t ion P a t t e r n s of DOM. RS19 F r a c t i o n s E lu ted on 
2 . 5 x 1 0 0 c m RS36A F r a c t i o n s E lu ted on 4 . 5 x 50 c m C o l u m n . 
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RS19 G-50 e l u t e d w i t h TRIS-HC1 b u f f e r 
—j 1 1 1 — 
300 450 600 750 900 
E l u t i o n Volume (ml) 
F i g u r e 4 (Cont inued) . E lu t ion P a t t e r n s of DOM. RS19 F r a c t i o n s Elu ted on 
2 . 5 x 100 c m RS36A F r a c t i o n s Elu ted on 4 . 5 x 50 c m C o l u m n . 
F i g u r e 4 (Cont inued) . E lu ted P a t t e r n s of DOM. RS19 F r a c t i o n s E lu t ed on 2 . 5 x 100 c m C o l u m n . 
RS36A F r a c t i o n s E lu ted on 4 . 5 x 50 c m C o l u m n . 
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m a t e r i a l f r o m G-25 Exc luded w a s c h r o m a t o g r a p h e d and c a l l e d G-25 Exc luded EE 
( F i g u r e 3 ) . The r e t a r d e d p o r t i o n of G-25 Exc luded and the exc luded p o r t i o n of 
G-25 Exc luded n ( r e p r e s e n t e d a s do t t ed a r e a s in F i g u r e 4) w e r e m i x e d and c h r o m a ­
t o g r a p h e d a s G-25X. The e lu t ion p a t t e r n of G-25X c l o s e l y r e s e m b l e s t he e lu t ion 
p a t t e r n of G - 2 5 . v a l u e s for t he f i r s t four p e a k s of G-25 (K^ = . 00, . 2 1 , . 3 2 , 
and . 40 , r e s p e c t i v e l y ) a r e v e r y s i m i l a r t o v a l u e s for t he f i r s t four p e a k s of 
G-25X (Kp = . 0 2 , . 2 0 , . 3 1 , and . 4 4 , r e s p e c t i v e l y ) . H o w e v e r , in G - 2 5 , when t h e 
r e t a r d e d m a t e r i a l a t = . 62 and . 73 i s r e m o v e d , t h e e lu t ion p a t t e r n of m a t e r i a l 
a t = . 2 1 , . 3 2 , and . 4 0 c h a n g e s d r a s t i c a l l y ( s e e e lu t ion p a t t e r n fo r G-25 
E x c l u d e d ) . T h i s m a t e r i a l i s m o r e g r e a t l y r e t a r d e d . Since t h e c h a r a c t e r i s t i c s of 
t h e ge l r e m a i n e d t h e s a m e th roughou t t he f r ac t i ona t ion on 'Sephadex ' G - 2 5 , i t 
i s s u p p o s e d t h a t i n t e r a c t i o n s b e t w e e n o r g a n i c m a t t e r of v a r y i n g h e t e r o g e n e i t y o c c u r . 
P r o b a b l y d i f f e r e n c e s in e i t h e r s t e r i c conf igura t ion , oxygen -con ta in ing funct ional 
g r o u p con t en t , o r a v e r a g e m o l e c u l a r we igh t a r e inf luent ia l in p r e v e n t i n g f r a c t i o n ­
a t ion s o l e l y on t h e b a s i s of e lu t ion v o l u m e . Inves t i ga t i ons by R e u t e r and P e r d u e 
(1972), and R a s h i d and King (1971) i n d i c a t e t h a t f r ac t i ona t i on of h u m i c s u b s t a n c e s 
on 'Sephadex ' g e l s i s r e l a t e d t o t he n u m b e r of oxygen -con t a in ing funct ional g r o u p s 
in add i t ion t o t h e m o l e c u l a r w e i g h t . 
I n v e s t i g a t i o n s of h u m i c ac id by Swift and P o s n e r (1971) i n d i c a t e t h a t wi th 
a d e q u a t e s u p p r e s s i o n of t h e i n t e r a c t i o n s be tween oxygen -con t a in ing funct ional 
g r o u p s and ' Sephadex ' ge l a con t inuous f r a c t i o n a t i o n , b a s e d only on d i f f e r e n c e s of 
a v e r a g e m o l e c u l a r we igh t o c c u r s . E lu t ion of G F C f r a c t i o n s a t pH 7 wi th d i s t i l l e d 
w a t e r d o e s no t suff ic ient ly s u p p r e s s i n t e r a c t i o n s b e t w e e n funct ional g r o u p s and 
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g e l . RS19,when f r a c t i o n a t e d on 'Sephadex ' G-50 and e lu ted wi th a TRIS-HC1 buffer 
so lu t ion a t pH 9 . 0 ( F i g u r e 4 ) , p r e p a r e d a c c o r d i n g to C a m e r o n e t a l . (1972), y i e lded 
an e lu t ion p a t t e r n s i m i l a r to t h o s e ob ta ined by Swift and P o s n e r (1971). A c o n ­
t i nuous m o l e c u l a r we igh t d i s t r i b u t i o n r e s u l t e d . 
E l e m e n t a l A n a l y s i s 
T h e e l e m e n t a l c o m p o s i t i o n (C, H, N, and O) of h u m i c s u b s t a n c e s f r o m 
d i f fe ren t e n v i r o n m e n t s i s t a b u l a t e d for c o m p a r i s o n (Tab le 1). A c c o r d i n g t o 
S c h n i t z e r and Khan (1972), t h e p e r c e n t d i s t r i b u t i o n of c a r b o n , hyd rogen , n i t r o g e n , 
and oxygen in h u m i c a c i d s v a r i e s b e t w e e n 50-60%, 4 -6%, 1-3%, and 30 -35%, 
r e s p e c t i v e l y ; fo r fulvic a c i d , t h e p e r c e n t d i s t r i b u t i o n i s C 40-50%, H 3-6%, N 
l e s s than 1-3%, and O 4 4 - 5 0 % . D i s s o l v e d o r g a n i c m a t t e r (DOM) in r i v e r w a t e r 
(Tab le 2) h a s t h e fol lowing c o m p o s i t i o n : C 48 -52%, H 3-4%, N 1%, and O 42-47% 
w h i c h c l o s e l y r e s e m b l e s t h e c o m p o s i t i o n of fulvic a c i d . The oxygen con ten t of 
DOM f r a c t i o n s v a r i e s f r o m 40% to 56%. Oxygen v a l u e s in t h i s r a n g e a r e c h a r a c ­
t e r i s t i c of fulvic a c i d , and a s d i s c u s s e d l a t e r , a r e p r o p o r t i o n a l t o t h e c o n c e n t r a ­
t ion of o x y g e n - c o n t a i n i n g funct ional g r o u p s . Al though t h e o r g a n i c m a t t e r w a s no t 
a n a l y z e d fo r su l fu r , i t i s p r e s u m e d tha t b a s e d on n u m e r o u s a n a l y s e s by o t h e r 
i n v e s t i g a t o r s , t h e su l fur con ten t would b e l e s s t han one p e r c e n t and would affect 
t h e c a l c u l a t e d oxygen v a l u e s only s l i gh t l y . 
A n a l y s e s of t h e f r a c t i o n s exc luded on 'Sephadex ' G-50 y i e lded e l e m e n t a l 
c o m p o s i t i o n s s i m i l a r t o h u m i c a c i d . C o m p a r e d to the un f r ac t i ona t ed m a t e r i a l 
and t h e i r G F C f r a c t i o n s , t h e s a m p l e s exc luded on 'Sephadex ' G-50 w e r e h igh in 
c a r b o n , low in oxygen, and i n so lub l e in w a t e r a f t e r d e s a l t i n g and f r e e z e - d r y i n g . 
T a b l e 1. C h e m i c a l C h a r a c t e r i s t i c s of Humic S u b s t a n c e s f r o m Dif fe ren t E n v i r o n m e n t s 
Environment and Type 3 Elemental Analysis (%) Oxygen-Cor. taining Functional Group Analysis Reference 
(meq/pr)^ 
C H N O Ash 9 TA Carboxvl J30H
2 Carbonyl Alcoholic OH 
Soil1: HA2 59,2 5.1 3. 0 on o o__. O 7.4 4.5 2.9 2.9 2.5 Riffaldi and Schnitzer (1972) 
Humin 53.9 5.8 4.9 33.3 5.3 3. 1 2.2 5. 1 Riffaldi and Schnitzer (1972) 
FA 45.3 5.8 2.7 45.4 8.5 6.6 1.9 3.7 5.4 Riffaldi and Schnitzer (1972) 
FA 47.0 4.4 1.5 46.4 12. 8 8.9 3.9 2.0 4. 0 Schnitzel- and Khan (1972) 
HA synthesized 
by microbes 53.8 7.3 7. 0 28.9 Riffaldi and Schnitzer (1972) 
Lake Sediment: HA 50.4 5.9 8. 1 35.6 Ishiwatari (1969) 
Marine Sediment: HA 55.0 6.2 4.9 33.9 3.0 2.5 C.5 3.0 4.0 Rashid et al. (1972) 
Bay Sediment: HA 
o 
54. S 5.9 4. 0 33.3 17.2 Berryhill et al. (1972) 
FA 41.9 5.5 4.3 47.3 29.7 Borryhiil et_al. (1972) 
River Sediment: HA 57.6 4.7 o r> O. ( 32.2 11.6 Berryhill et al. (1972) 
FA 41.9 4.5 2.7 49.1 33.5 Berryhill et al. (1972) 
Water: FA 48.5 4.2 1. 1 46.2 12.4 8.9 3.5 Beck et al. (1973) 
FA 46.2 5.9 2.6 45.3 Leenheer and Malcolm (1973) 
"Average of several analyses. 
FA = fulvic acid, HA = humic acid, TA = total acidity, 0OH = phenolic hydroxyl. 
3 * 
Expressed on a dry, ash-free basis. 
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T a b l e 2 . E l e m e n t a l A n a l y s i s of DOM 
1 
S a m p l e C H N o
2 A s h 
RS19 P a r e n t 4 9 . 3 7 4 . 0 0 1.14 4 5 . 4 9 1 5 . 6 0 
G-50 Exc luded 5 2 . 1 7 4 . 0 7 1.20 4 2 . 5 5 3 . 5 8 
G-25 Exc luded 5 0 . 7 4 3 . 4 4 0 .92 4 4 . 8 7 2 . 0 8 
G-15 Exc luded 5 0 . 3 8 3 . 5 7 0 . 9 1 4 5 . 1 9 2 . 3 9 
G-15 R e t a r d e d A 3 9 . 9 5 4 . 0 4 0 . 7 8 5 5 . 2 6 1.15 
G-15 R e t a r d e d B 4 3 . 0 6 3 . 9 4 1.04 5 1 . 9 6 1.89 
G-15 R e t a r d e d C 5 3 . 7 9 4 . 4 4 1.17 4 0 . 6 0 4 . 5 7 
3 
RS36A P a r e n t 5 2 . 0 7 3 . 5 8 0 .77 4 3 . 5 4 2 . 3 0 
3 
G-50 E x c l u d e d 5 4 . 2 8 4 . 6 7 1.39 3 9 . 6 3 
10 .75 
3 
G-25 Exc luded 5 1 . 3 8 3 . 6 3 
0 .72 4 4 . 2 4 0 .92 
3 
G-15 Exc luded 5 0 . 3 3 3 . 6 9 0 .79 
4 5 . 2 0 0 .89 
3 
G - 1 0 E x c l u d e d 5 0 . 3 6 3 . 7 6 1.05 
4 4 , 8 4 1.08 
3 
G-10 R e t a r d e d 5 1 . 8 4 4 . 2 5 0 .75 4 3 . 1 7 
0 .83 
„ 3 
Raw 4 9 . 3 5 3 .69 0 .82 4 6 . 1 5 7 . 6 5 
Raw P P T 3 4 9 . 6 5 5 . 6 4 1 .91 4 2 . 8 2 3 9 . 1 3 
3 
RS36B Raw 4 8 . 1 7 3 . 8 5 1.08 4 6 . 8 5 1 5 . 5 6 
P e r c e n t of C , H, N , and O e x p r e s s e d on an a s h - f r e e b a s i s . 
P e r c e n t O c a l c u l a t e d by d i f f e r e n c e . 
Da ta r e p r e s e n t a v e r a g e of dup l i ca t e a n a l y s e s . 
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The a s h con ten t of RS36A RAW w a s 50% l o w e r than t h a t of RS19 P a r e n t ; 
h o w e v e r , t he m a t e r i a l r e m o v e d a s p r e c i p i t a t e (RS36A RAW P P T ) had about t w i c e 
t h e a s h con ten t of RS19 . R e m o v a l of t h i s m a t e r i a l (RS36A RAW P P T ) f r o m t h e 
o r i g i n a l m a t e r i a l (RS36A RAW) p r o b a b l y a c c o u n t s for t h e low a s h con ten t of 
RS36A P a r e n t . RS36B RAW had an a s h con ten t c o m p a r a b l e t o t he a s h con ten t of 
RS19 P a r e n t . I n f r a r e d s p e c t r a and X - r a y d i f f rac t ion da ta of RS19 showed tha t 
m o s t of t he a s h i s p r e s e n t a s SiO and i s unaffec ted by d e s a l t i n g wi th ion exchange 
r e s i n . In o t h e r s a m p l e s t he a s h p r o b a b l y c o n s i s t s of s o d i u m , i r o n , and a l u m i n u m 
a s s o c i a t e d wi th DOM. It i s i n t e r e s t i n g t o n o t e t h a t t h e d i s t r i b u t i o n of a s h in t h e 
f r ac t i on of RS19 w a s f a i r l y u n i f o r m (1 .2%-4 .6%) w h e r e a s in t h e f r a c t i o n s of 
RS36A m o s t of the a s h i s c o n c e n t r a t e d in f r ac t i on G-50 E x c l u d e d . R e s u l t s f r o m 
i n f r a r e d s p e c t r a i n d i c a t e t ha t t he a s h con ten t of G-50 Exc luded i s m o s t l y SiO . 
di 
Oxygen-Con ta in ing Func t iona l G r o u p A n a l y s i s 
S a m p l e s RS19, RS36A, and t h e i r f r a c t i o n s w e r e a n a l y z e d fo r t o t a l a c i d i t y 
and c a r b o x y l g r o u p con ten t (Tab le 3 ) . Pheno l i c hydroxy l con ten t w a s c a l c u l a t e d 
by d i f f e r e n c e . A d i r e c t r e l a t i o n s h i p b e t w e e n oxygen con ten t (Tab l e 2) and c a r ­
boxyl g r o u p con ten t w a s found fo r s a m p l e RS19 and i t s f r a c t i o n s . In m o s t c a s e s , 
t o t a l a c i d i t y and c a r b o x y l g r o u p con ten t i n c r e a s e a s m o l e c u l a r we igh t d e c r e a s e s . 
H o w e v e r , t h e l a s t f r a c t i on t o e lu te on 'Sephadex ' G - 1 5 , G-15 R e t a r d e d C, though 
exhib i t ing h igh t o t a l a c i d i t y (12. 09 m e q / g ) , showed a s t r i k i n g l y low c a r b o x y l g r o u p 
con t en t ( 5 . 3 7 m e q / g ) , and a h igh phenol ic hydroxy l con ten t ( 6 . 72 m e q / g ) , p r o b ­
ab ly s ignifying t he p r e s e n c e of po lyphenol ic m a t e r i a l of low m o l e c u l a r we igh t s u c h 
a s t a n n i n s . T h e oxygen con ten t of G-15 R e t a r d e d C w a s the l o w e s t of a l l RS19 
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T a b l e 3 . Oxygen-Con ta in ing Func t iona l Group A n a l y s i s 
( m e q / g ) 1 
Tota l C a r b o x y l Pheno l i c 2 
S a m p l e Acid i ty G r o u p s Hydroxyl 
RS19 P a r e n t 10 .97 8 . 3 1 2 . 6 6 
G-50 Exc luded 8 . 9 0 4 . 4 7 4 . 4 3 
G-25 Exc luded 1 0 . 6 0 6 .37 4 . 2 3 
G-15 Exc luded 10 .77 6 .97 3 . 7 3 
G-15 R e t a r d e d A 12 .92 9 . 5 3 3 . 3 9 
G-15 R e t a r d e d B 1 1 . 9 4 9 . 1 9 2 . 7 5 
G-15 R e t a r d e d C 12 .09 5 . 3 7 6 . 7 2 
RS36A P a r e n t 10 .35 6 . 1 7 4 . 1 8 
G-50 Exc luded 7 . 3 3 3 . 2 1 4 . 1 2 
G-25 Exc luded 1 0 . 6 4 6 .09 4 . 5 5 
G-15 Exc luded 10 .07 6 . 9 1 3 . 1 6 
G - 1 0 Exc luded 11 .96 7 . 7 4 4 . 2 2 
G-10 R e t a r d e d 9 . 8 6 6 . 7 4 3 . 1 2 
RS36A RAW 1 2 . 8 4 5 . 2 2 7 . 6 2 
Da ta e x p r e s s e d on an a s h - f r e e b a s i s . 
P h e n o l i c hydroxy l c a l c u l a t e d by d i f f e r e n c e . 
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f r a c t i o n s (40 .60%) . 
To ta l a c i d i t y and c a r b o x y l g r o u p con ten t of RS36A a r e s i m i l a r t o t h o s e of 
RS19, a l though t h e v a l u e s fo r RS36A a r e s l i gh t ly l o w e r . The s u m of t h e w e i g h t s 
of t he RS36A f r a c t i o n s (before r e m o v a l of Na) r e p r e s e n t s a 100 .5% y ie ld of 
m a t e r i a l a f t e r f r ac t i ona t ion (Tab le 4 ) . Af te r d e s a l t i n g , t h e s u m of t he w e i g h t s 
of t h e f r a c t i o n s t o t a l s t o 8 2 . 3 % . P e r c e n t r e c o v e r y of m a t e r i a l a s c a l c u l a t e d by 
t he we igh t r a t i o s of t he f r a c t i o n s b e f o r e and a f t e r d e s a l t i n g of RS36A w a s : G-50 
Exc luded 9 5 . 7 % , G-25 Exc luded 8 6 . 2 % , G-15 Exc luded 3 5 . 1 % , G-10 Exc luded 
7 6 . 7 % , and G-10 R e t a r d e d 7 0 . 2 % . Wi th t h e excep t ion of G-15 Exc luded , m a t e r i a l 
of l o w e r m o l e c u l a r weigh t a p p e a r s t o b e p r e f e r e n t i a l l y a d s o r b e d on t h e ion exchange 
r e s i n . The we igh t d i s t r i b u t i o n of t h e u n d e s a l t e d m a t e r i a l (Tab l e 4) i s p r o b a b l y 
m o r e r e p r e s e n t a t i v e of t he t r u e d i s t r i b u t i o n of d i s s o l v e d o r g a n i c m a t t e r . The 
oxygen con ten t of RS36A P a r e n t and i t s f r a c t i o n s (with t he excep t ion of G-15 
Excluded) i s d i r e c t l y p r o p o r t i o n a l t o t h e t o t a l a c i d i t y . 
To ta l a c i d i t y of RS36A RAW w a s h i g h e r than the t o t a l a c i d i t y of RS36A 
P a r e n t p r o b a b l y b e c a u s e of l o s s of low m o l e c u l a r we igh t m a t e r i a l d u r i n g d e s a l t i n g . 
The c a r b o x y l g r o u p con ten t of RS36A RAW w a s l o w e r than fo r RS36A P a r e n t . It 
would s e e m l i k e l y t h a t exchangeab l e c a t i o n s o r c h e l a t e d m e t a l s have b locked 
c a r b o x y l r e a c t i o n s i t e s . Consequen t ly , t he pheno l ic hydroxy l con ten t of RS36A 
RAW (7 .62 m e q / g ) ob ta ined by d i f f e rence i s i n a c c u r a t e . S tevenson and Goh (1972) 
have r e p o r t e d ev idence f r o m i n f r a r e d s p e c t r a fo r t he nonspec i f i c i ty of a n a l y t i c a l 
m e t h o d s for oxygen-con ta in ing funct ional g r o u p s , in p a r t i c u l a r c a r b o x y l g r o u p s . 
B e c a u s e of t h e wide v a r i a b i l i t y of t h e a c i d i c p r o p e r t i e s of COOH and OH g r o u p s 
28 
T a b l e 4 . Weigh t D i s t r i b u t i o n of DOM F r a c t i o n s 
S a m p l e W e i g h t (g . ) % of To ta l 
RS19 P a r e n t 1 .0000 
G-50 Exc luded 0 .1062 1 9 . 5 
G-25 Exc luded 0 .0772 1 4 . 1 
G-15 Exc luded 0 . 0 7 4 1 1 3 . 6 
G-15 R e t a r d e d A 0 .1004 1 8 . 4 
G-15 R e t a r d e d B 0 . 1 5 2 1 2 7 . 9 
G-15 R e t a r d e d C 0 .0358 6 . 6 
0 .5458 (Total) 
RS36A P a r e n t 6 .2900 
G-50 Exc luded 0 .2387 4 . 6 
G-25 Exc luded 2 . 8 0 2 1 5 4 . 1 
G-15 Exc luded 0 .3472 6 . 7 
G-10 Exc luded 0 . 7 7 2 3 14 .9 
G-10 R e t a r d e d 1.0175 19 .7 
5 . 1 7 7 8 (Total) 
R S 3 6 A 2 G - 5 0 Exc luded + G-50 R e t a r d e d 6 . 8 8 8 1 
G - 5 0 Exc luded 0 .2494 3 . 6 
G-25 Exc luded 3 . 2 5 2 4 4 7 . 0 
G-15 Exc luded 0 .9896 1 4 . 3 
G-10 Exc luded 1.0063 1 4 . 5 
G - 1 0 R e t a r d e d 1.4255 2 0 . 6 
6 .9232 (Total) 
D e s a l t e d , we igh t d e t e r m i n e d a f t e r d e s a l t i n g and f r e e z e - d r y i n g . 
Not d e s a l t e d , we igh t d e t e r m i n e d a f t e r f r e e z e - d r y i n g , but b e f o r e d e s a l t i n g . 
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of h u m i c s u b s t a n c e s , d i s s o c i a t i o n of t h e s e g r o u p s m a y o v e r l a p . Ca rboxy l g r o u p s 
s t r o n g l y c h e l a t e d do not r e a d i l y d i s s o c i a t e . O t h e r c a r b o x y l g r o u p s m a y b e m o r e 
conven ien t ly a r r a n g e d to a l low l o s s of a c id i c p r o t o n s . R e s u l t s of oxygen c o n t a i n ­
ing funct ional g r o u p a n a l y s i s should t h e r e f o r e b e i n t e r p r e t e d wi th cau t ion , p a r t i c u ­
l a r l y when ob ta ined f r o m o r g a n i c m a t t e r h igh in a s h con t en t , e . g . RS36A RAW. 
I n f r a r e d S p e c t r o s c o p y 
I n f r a r e d s p e c t r a of h u m i c s u b s t a n c e s a r e c h a r a c t e r i z e d by b r o a d o v e r ­
l app ing a b s o r p t i o n b a n d s , in c o n t r a s t t o t h e we l l def ined s p e c t r a of o r g a n i c 
c o m p o u n d s found in l iv ing m a t t e r (Schn i t ze r and Khan, 1972). A b s o r p t i o n b a n d s 
of h u m i c a c i d in t h e 2900-2800 c m 1 r e g i o n a r e s t r o n g e r t han t h o s e of fulvic a c i d 
i n d i c a t i n g g r e a t e r abundance of a l ipha t i c g r o u p s (CH , and CH ) . In t h e 1725 
—• 3 
c m 1 r e g i o n fulvic a c i d h a s c o n s i d e r a b l y s t r o n g e r a b s o r p t i o n b a n d s i nd i ca t ing 
h i g h e r con ten t of c a r b o x y l g r o u p s . I n f r a r e d s p e c t r a of v a r i o u s h u m i c s u b s t a n c e s 
c a n b e c l a s s i f i e d in to t h r e e s p e c t r a l t y p e s (Stevenson and Goh, 1971). C h a r a c ­
t e r i s t i c a b s o r p t i o n b a n d s for e a c h s p e c t r a l t ype a r e a s fo l lows: 
S t rong A b s o r p t i o n Weak o r A b s e n t 
T y p e B a n d s ( c m " 1 ) B a n d s ( c m " 1 ) 
I 1720, 1600 1640 
I I 1720 1650, 1600 
HI 1540, 1050 
T y p e I i s c h a r a c t e r i s t i c of m o s t h u m i c a c i d s , Type n i s c h a r a c t e r i s t i c of l o w -
m o l e c u l a r we igh t fulvic a c i d , and Type HE exh ib i t s b a n d s which s u g g e s t t he 
p r e s e n c e of p r o t e i n s and c a r b o h y d r a t e s . R e s u l t s f r o m t h i s s tudy i n d i c a t e t h a t 
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s p e c t r a of m o s t DOM s a m p l e s ( F i g u r e 5) a r e of Type n , w h e r e a s s p e c t r a of the 
GFC f r a c t i o n s ( F i g u r e s 6 and 7) w i th the h i g h e s t m o l e c u l a r we igh t (RS19 and 
RS36A G - 5 0 Excluded) c l o s e l y r e s e m b l e h u m i c ac id of Type I . T h e m a j o r a b s o r p ­
t ion b a n d s a r e : 3400-3420 c m " 1 ; H-bonded OH g r o u p s inc lud ing COOH; 2900 c m "\ 
a l i pha t i c C-H s t r e t c h i n g ; 1720-1725 c m " 1 : C = O of COOH, C = O s t r e t c h of 
ke ton ic o r a ldehyde C = O; 1630-1625 cm""1.- COO~, a r o m a t i c C = C, H bonded 
C = O of c a r b o n y l ; 1400 c m 1 : C O O " , a l ipha t i c C - H , OH d e f o r m a t i o n , and C - O 
s t r e t c h i n g of phenol ic OH; 1200 c m "\ C - O s t r e t c h i n g and OH d e f o r m a t i o n of 
COOH g r o u p s ; and 1050 c m "\ C - O s t r e t c h i n g of s u b s t a n c e s r e s e m b l i n g p o l y ­
s a c c h a r i d e s and S i -O s t r e t c h i n g of s i l i c a t e p r e s e n t a s an i m p u r i t y . 
I n f r a r e d s p e c t r a of RS19 and RS36A ( F i g u r e 5) i n d i c a t e t h a t d i s s o l v e d 
o r g a n i c m a t t e r i s c h e m i c a l l y r e l a t e d to fulvic a c i d . S i m i l a r a b s o r p t i o n b a n d s 
a r e found a t 3400 c m " 1 , 1725 c m " 1 , 1625 c m 1 , 1400 c m " 1 , and 1200 c m " 1 
r e f l e c t i n g s i m i l a r c a r b o x y l g r o u p c o n t e n t . S t rong a b s o r p t i o n in t h e 1050 c m 
r e g i o n of RS19 i s b e l i e v e d to be t he r e s u l t of a s i l i c a t e i m p u r i t y (SiO^). S a m p l e 
RS36A RAW r e p r e s e n t s RS36A b e f o r e pu r i f i c a t i on and d e s a l t i n g . In t he 1725 
c m 1 r e g i o n a b s o r p t i o n of RS36A RAW i s m u c h w e a k e r t han a b s o r p t i o n of RS36A, 
p r o b a b l y due to e x c h a n g e a b l e and c o m p l e x i n g m e t a l s on c a r b o x y l g r o u p s . T h e 
s p e c t r u m of RS36B RAW s h o w s only a s h o u l d e r a t 1725 c m 1 , and t h e band a t 
1200 c m 1 i s a b s e n t . C h a r a c t e r i z e d by s t r o n g a b s o r p t i o n a t 1400-1395 c m 
due to COO i o n s , t h e s p e c t r u m of RS36B RAW r e s e m b l e s t h e s p e c t r u m of t he 
s o d i u m s a l t of fulvic ac id (Stevenson and Goh, 1971). RS36A RAW w a s c o l l e c t e d 
d u r i n g a p e r i o d of s w a m p f lush ing , RS36B RAW on t h e o t h e r hand , w a s c o l l e c t e d 
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F i g u r e 5 . I n f r a r e d S p e c t r a of DOM. 
G-50 Exc luded 
2 9 4 0 3 4 0 0 
G-25 Exc luded 17 2 0 
14 10 
1620 1220 1040 
3 4 0 0 2 9 1 0 17 2 0 16 10 12 0 0 
i r T 
3500 3000 2500 2000 1500 1000 500 
F r e q u e n c y (cm 
F i g u r e 6 . I n f r a r e d S p e c t r a of RS19 F r a c t i o n s . 
KBr B lank 
17 3 0 
—I 1 1 1 1 r ~ 
3500 3000 2500 2000 1500 1000 
/ - I N F r e q u e n c y (cm ) 
F i g u r e 7 . I n f r a r e d S p e c t r a of RS36A F r a c t i o n s . 
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d u r i n g a s t a g n a n t p e r i o d . The o r g a n i c m a t t e r (RS36A RAW) wi th l o w e r a s h 
c o n t e n t (7.65%) w a s p r o b a b l y t r a n s p o r t e d m o s t l y by s u r f a c e runoff. Conta in ing 
a h i g h e r a s h c o n t e n t (15 .56%) , RS36B RAW m a y have b e e n l e a c h e d f r o m t h e so i l 
p r i m a r i l y by s u b s u r f a c e d r a i n a g e . 
RS36A RAW P P T shows v e r y b r o a d a b s o r p t i o n b a n d s t h r o u g h o u t i t s 
s p e c t r u m due to i t s h igh a s h con ten t (39 .13%) . The m a j o r i t y of a b s o r p t i o n bands 
found in t h e s p e c t r u m of RS36A a r e p r e s e n t i n t h e s p e c t r u m of RS36A RAW P P T , 
but a r e w e a k e r , p r o b a b l y b e c a u s e of i n t e r a c t i o n s be tween t he o r g a n i c m a t t e r and 
i n o r g a n i c s a l t s . 
I n f r a r e d s p e c t r a of RS19 f r a c t i o n s ( F i g u r e 6) show t h e s a m e b r o a d a b s o r p ­
t ion b a n d s a s t h o s e of RS 19 (before f rac t iona t ion) due p r i m a r i l y t o c a r b o x y l and 
hyd roxy l g r o u p s . S p e c t r a of RS19 f r a c t i o n s , G-15 R e t a r d e d A and G-15 R e t a r d e d 
B exhib i t s i m i l a r b a n d s in the 1000-500 c m 1 r e g i o n a t t r i b u t a b l e t o a r o m a t i c 
s u b s t i t u t i o n (Schn i t ze r and Khan, 1972). T h e s e s p e c t r a show s t r o n g a b s o r p t i o n 
a t 1725 c m ^ and 1200 c m ^ and r e f l e c t t h e high c a r b o x y l g r o u p con ten t of t h e s e 
two f r a c t i o n s ( 9 . 5 3 m e q / g , and 9 . 1 9 m e q / g , r e s p e c t i v e l y ) . 
I n f r a r e d s p e c t r a of RS36A f r a c t i o n s ( F i g u r e 7) a r e v e r y s i m i l a r to the 
s p e c t r u m of RS36A P a r e n t . In g e n e r a l , f r a c t i o n s f r o m G-50 Exc luded to G-10 
R e t a r d e d a r e c h a r a c t e r i z e d by i n c r e a s i n g c a r b o x y l g r o u p con ten t (with t h e e x c e p ­
t ion of G - 1 0 R e t a r d e d ) , d e c r e a s i n g m o l e c u l a r we igh t , and i n c r e a s i n g a b s o r p t i o n 
a t 1725 c m \ T h e above r e l a t i o n s a r e c o n s i s t e n t w i th f indings by S tevenson and 
Goh (1971) and S c h n i t z e r and Sk inner (1968) on so i l h u m i c s u b s t a n c e s . 
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N u m b e r - A v e r a g e M o l e c u l a r Weigh t and S u m m a r y F o r m u l a e 
The n u m b e r - a v e r a g e m o l e c u l a r w e i g h t s (Mn) of DOM f r a c t i o n s r a n g e d 
f r o m 3095 t o 528 (Tab le 6 ) . The Mn of RS36A P a r e n t w a s d e t e r m i n e d t o b e 1269. 
S ince only a s m a l l a m o u n t of f r ac t i on G-50 Exc luded w a s a v a i l a b l e , a Mn fo r t h i s 
s a m p l e could no t be d e t e r m i n e d a c c u r a t e l y . T h e h igh Mn of G-50 Exc luded (3095) 
s u p p o r t s r e s u l t s p r e v i o u s l y m e n t i o n e d ind ica t ing t h a t t h i s f r ac t i on r e s e m b l e s 
h u m i c a c i d . 
In o r d e r t o ve r i fy t h e r e l i a b i l i t y of Mn of d i s s o l v e d o r g a n i c m a t t e r , t h e 
Mn of a p o l y c a r b o x y l i c a c i d of known m o l e c u l a r we igh t , b e n z e n e p e n t a c a r b o x y l i c 
ac id (BPCA) w a s d e t e r m i n e d , r e s u l t i n g in a Mn of 301 wh ich c o m p a r e s f a v o r a b l y 
wi th t h e a c t u a l Mn of 2 9 8 . T h e p r o c e s s u s e d to c a l c u l a t e Mn f r o m the da t a in 
T a b l e 5 i s d e s c r i b e d in de t a i l by H a n s e n and S c h n i t z e r (1969). AR and pH r e a d i n g s 
w e r e c o r r e c t e d by t h e l e a s t s q u a r e s me thod (Tab le 5 ) . 
Mn , w e i g h t - a v e r a g e m o l e c u l a r w e igh t (Mw), and z - a v e r a g e m o l e c u l a r 
we igh t (Mz) of the p a r e n t m a t e r i a l w e r e c a l c u l a t e d a c c o r d i n g t o Raf ikov, e t a l . 
(1964) a s fo l lows: 
£ M x 2 f x 
Mn = E MxVx = — ; Mw = Mxfx; and Mz = _ _ , . 
fx 2 Mxfx 
L Mx 
w h e r e Mx = m o l e c u l a r we igh t of f r ac t i on x , Vx = n u m b e r f r ac t i on , and fx = we igh t 
f r a c t i o n . Mn c a l c u l a t e d f r o m G F C f r a c t i o n s i s 1322 wh ich c o m p a r e s f a v o r a b l y 
w i th M n (1269) d e t e r m i n e d for RS36A P a r e n t (Tab le 6) . Mw and Mz c a l c u l a t e 
t o b e : 1333 and 2045 , r e s p e c t i v e l y . T h e r a t i o of Mn: Mw:Mz i s 1 . 0 0 0 : 1 . 0 0 8 : 1 . 5 4 7 , 
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T a b l e 5 . Da ta for t he D e t e r m i n a t i o n of N u m b e r - A v e r a g e 
M o l e c u l a r Weigh t (Mn) 
AR 
a v e r a g e 
A R / a PH y x 10 Mn 
A. B e n z e n e p e n t a c a r b o x y l i c Acid (Mn 301) 
_ 1 
Mn ( a ) c o r r . 
8 . 0 0 0 2 . 7 0 6 . 3383 1.766 2 . 1 4 2 1 7 8 . 2 2 8 8 . 2 
10 .000 3 . 3 3 1 . 3 3 3 1 1.699 2 . 0 0 0 1 8 1 . 1 2 8 3 . 9 
12 .000 3 . 9 5 6 .3297 1.643 1.896 182 .9 2 8 0 . 0 
15 .000 4 . 8 9 3 . 3263 1.577 1.766 1 8 4 . 8 2 7 4 . 3 
1 7 . 0 0 0 5 . 5 1 8 .3246 1 .541 1.693 185 .8 2 7 1 . 1 
2 0 . 000 6 . 4 5 5 . 3 2 2 8 1 .491 1.614 186 .8 2 6 7 . 4 
B . RS36A P a r e n t (Mn 1269) 
8 . 0 0 0 . 9 1 4 . 1 1 4 3 2 . 1 0 4 . 9838 5 2 7 . 6 1097 
1 0 . 0 0 0 1.213 . 1 2 1 3 2 . 0 3 0 . 9333 4 9 7 . 2 928 
12 .000 1 .511 .1259 1.967 . 8 9 9 1 4 7 9 . 0 841 
1 5 . 0 0 0 1.959 . 1 3 0 6 1.894 . 8 5 1 0 4 6 1 . 8 7 6 1 
2 0 . 0 0 0 2 . 7 0 5 . 1353 1.796 . 7998 4 4 5 . 7 693 
C . RS36A G - 5 0 Exc luded (Mn 3095) 
2 
8 . 0 0 0 . 6 4 7 3 .0809 2 . 2 8 8 . 6 4 4 0 7 4 5 . 5 1434 
12 .000 . 7 3 3 3 . 0 6 1 1 2 . 1 8 6 . 5 4 3 0 9 8 7 . 1 2127 
1 5 . 0 0 0 . 9 4 8 8 .0632 2 . 1 1 0 . 5175 9 5 4 . 3 1886 
D . RS36A G-25 Exc luded (Mn 2224) 
8 . 0 0 0 . 6 3 6 0 .0795 2 . 1 7 5 . 8354 7 5 8 . 6 2071 
1 0 . 0 0 0 . 7 9 4 0 . 0794 2 . 1 2 5 .7499 7 5 9 . 6 1765 
1 2 . 0 0 0 . 9 5 2 0 . 0793 2 . 0 7 6 .6995 7 6 0 . 5 1625 
15 .000 1.189 . 0 7 9 3 2 . 0 0 2 .6636 7 6 0 . 5 1535 
17 .000 1.347 .0792 1.953 .6555 7 6 1 . 5 1521 
2 0 . 000 1.584 .0792 1.878 .6622 7 6 1 . 5 1536 
E . RS36A G-15 Exc luded (Mn 1064) 
8 . 0 0 0 1.015 .1269 2 . 0 7 5 1.052 4 7 5 . 3 951 
1 0 . 0 0 0 1.258 .1258 2 . 0 2 2 . 9 5 1 4 7 9 . 4 881 
1 2 . 0 0 0 1.502 .1252 1.970 . 8 9 3 4 8 1 . 7 845 
15 .000 1.866 . 1 2 4 4 1 .891 .857 4 8 4 . 8 829 
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T a b l e 5 (Cont inued) . Da ta for t h e D e t e r m i n a t i o n of N u m b e r - A v e r a g e 
M o l e c u l a r Weigh t (Mn) 
1 
a AR 
a v e r a g e 
A R / a PH 
3 
y x 10 M n . . (a) 
M n , , 
( a ) c o r r . 
F . RS36A G-10 Exc luded (Mn 661) 
8 .000 1 .381 .1726 1.972 1.333 3 4 9 . 4 654 
10 .000 1.696 .1696 1.922 1.197 3 5 5 . 6 619 
12 .000 2 . 0 1 0 .1675 1.873 1.116 3 6 0 . 1 602 
15 .000 2 . 4 8 1 . 1 6 5 4 1.798 1 .061 3 6 4 . 6 595 
17 .000 2 . 7 9 5 . 1644 1.749 1.048 3 6 6 . 8 596 
2 0 . 0 0 0 3 . 2 6 7 . 1634 1.674 1.059 3 6 9 . 1 606 
G. RS36A G-10 R e t a r d e d (Mn 528) 
8 . 0 0 0 1.525 .1906 2 . 0 1 4 1.210 3 1 6 . 4 513 
10 .000 1.907 .1907 1.963 1.089 3 1 6 . 3 483 
12 .000 2 . 2 8 8 .1907 1.912 1 .021 3 1 6 . 3 467 
15 .000 2 . 8 6 0 .1907 1.834 .977 3 1 6 . 3 458 
17 .000 3 . 2 4 2 .1907 1.783 . 9 7 0 3 1 6 . 3 456 
2 0 . 0 0 0 3 . 8 1 4 .1907 1.706 . 9 8 4 3 1 6 . 3 459 
a = we igh t of s a m p l e / 1 OOOg s o l v e n t . 
Mn b a s e d on c o n c e n t r a t i o n s , 12. 000 and 15 . 000 on ly . 
T a b l e 6. Ana ly t ica l C h a r a c t e r i s t i c s of DOM and F r a c t i o n s 
Sample 
Weigh t 
F r a c t i o n Mn 
% of Mn a s 
Func t iona l 
G r o u p s S u m m a r y C h e m i c a l Formula"^ 
RS36A G - 5 0 Exc luded . 0378 
2 
(3095) 2 0 . 9 C 1 3 0 . 4 O 4 4 . 8 H 1 2 2 . 2 N 3 . 0 < C O O H ) 9 . 6 < O H > 1 2 . 8 
G-25 Exc luded . 4455 2224 3 5 . 1 
C 8 1 . 7 ° 2 4 . 3 H 5 7 . 0 N 1 . 1 < C O O H ) 1 3 . 5 < ° H > 1 0 . 1 
G-15 Exc luded .0552 1064 3 6 . 5 C 3 7 . 3 O 1 2 . 0 H 2 8 . 6 N 0 . 6 < C O O H > 7 . 4 < O H ) 3 . 4 
G-10 Exc luded . 1228 661 4 3 . 6 C 2 2 . 6 ° 5 . 5 H 1 7 . 0 N 0 . 5 < C O O H > 5 . 1 < ° H ) 2 . 8 
G - 1 0 R e t a r d e d . 1618 528 
1 3 2 2 3 
3 5 . 7 C 1 9 . 2 ° 5 . 4 H 1 7 . 2 N 0 . 3 < C O O H ) 3 . 6 ( O H ) l . 7 
RS36A P a r e n t 
4 
1269 3 4 . 9 C 4 7 . 3 ° 1 3 . 5 H 3 2 . 3 N 0 . 7 ( C O O H ) 7 . 8 ( ° H > 5 . 3 
5 
F u l v i c Acid 951 4 6 . 5 C 3 0 . 6 ° 6 . 8 H 3 1 . 2 N 0 . 5 < C O O H > 8 . 7 ( O H > 3 . 1 
N u m b e r of OH g r o u p s c a l c u l a t e d f r o m phenol ic hydroxy l con ten t , no t r e p r e s e n t a t i v e of t o t a l hydroxy l c o n t e n t . 
B a s e d on l i m i t e d d a t a . 
Mn of P a r e n t c a l c u l a t e d f r o m f r a c t i o n s . 
Mn of P a r e n t c a l c u l a t e d f r o m v a p o r p r e s s u r e o s m o m e t r y . 
Da ta fo r so i l fulvic ac id f r o m Bh ho r i zon f r o m S c h n i t z e r and Sk inner (1968) and H a n s e n and S c h n i t z e r (1969) . 
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F o r a m o n o d i s p e r s e p o l y m e r , Mn = Mw = M z , bu t for a p o l y d i s p e r s e ( h e t e r o ­
geneous) s y s t e m of p o l y m e r s , Mn < Mw < M z . The r a t i o M w / M n of RS36A i s 
c l o s e t o un i t y , i nd i ca t ing t h a t t h e p a r e n t m a t e r i a l i s of low p o l y d i s p e r s i t y . 
F o r G F C f r a c t i o n s of so i l fulvic a c i d , H a n s e n and S c h n i t z e r (1969) ob ta ined 
M n ' s r a n g i n g f r o m 2110 to 2 7 5 . M o s t of t he so i l fulvic ac id (59%) w a s found in t h e 
exc luded m a t e r i a l on 'Sephadex ' G - 1 5 , w h e r e a s t h e m a j o r f r a c t i o n of d i s s o l v e d 
o r g a n i c m a t t e r (47%) w a s exc luded on 'Sephadex ' G - 2 5 . Soil fulvic ac id a p p e a r s 
t o b e a m o r e p o l y d i s p e r s e s y s t e m V M n / M n = 1 .19) when c o m p a r e d to d i s s o l v e d 
o r g a n i c m a t t e r 1. 008) . T h e d i f f e r ence in d i s t r i b u t i o n and p o l y d i s p e r s i t y 
i s p r o b a b l y r e l a t e d t o t h e e x t r a c t i o n m e t h o d . F u l v i c ac id r e p r e s e n t s o r g a n i c 
m a t t e r e x t r a c t e d f r o m so i l by a l k a l i , e . g . NaOH, w h e r e a s r i v e r w a t e r o r g a n i c 
m a t t e r c a n b e r e g a r d e d a s h u m i c s u b s t a n c e s n a t u r a l l y l e a c h e d f r o m so i l and s w a m p y 
a r e a s by p e r c o l a t i n g w a t e r s . 
Al though n u m e r o u s s t u d i e s have b e e n c o n c e r n e d wi th t h e d e t e r m i n a t i o n 
and d i s t r i b u t i o n of m o l e c u l a r w e i g h t s of h u m i c s u b s t a n c e s f r o m v a r i o u s e n v i r o n ­
m e n t s , few i n v e s t i g a t i o n s have y i e lded c o m p a r a b l e r e s u l t s . The d i f f icu l t ies 
a s s o c i a t e d wi th m o l e c u l a r we igh t d e t e r m i n a t i o n s a s c i t e d by O r l o v , e t a l . (1971) 
i nc lude t h e d i f f e r ence in m o l e c u l a r s i z e , v a r i a b i l i t y of s i m i l a r l y s i z e d m o l e c u l e s 
in c o m p o s i t i o n , t h e d y n a m i c s t a t e of c h a n g e in s i z e and c o m p o s i t i o n (humif ica t ion) , 
a n d i n t e r a c t i o n s b e t w e e n l i k e o r d i f fe ren t m o l e c u l e s by h y d r o g e n bonding and 
ca t ion b r i d g i n g . In g e n e r a l , m o l e c u l a r w e i g h t s of h u m i c s u b s t a n c e s c o v e r a 
w ide r a n g e v a r y i n g f r o m s e v e r a l h u n d r e d t o s e v e r a l h u n d r e d t h o u s a n d . The high 
m o l e c u l a r we igh t f r a c t i o n of h u m i c s u b s t a n c e s , h u m i c ac id , v a r i e s f r o m 1, 000 to 
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to 200 , 000 (Schn i t ze r and Khan, 1972). T h e m o l e c u l a r we igh t d i s t r i b u t i o n of 
h u m i c s u b s t a n c e s in n a t u r a l w a t e r s r a n g e s f r o m s e v e r a l h u n d r e d to s e v e r a l 
t h o u s a n d (Brogden , 1971 , G h a s s e m i and C h r i s t m a n , 1968, G j e s s i n g and L e e , 
1967, and S h a p i r o , 1957). M o s t of t h e s e s t u d i e s u s e d ge l f i l t r a t i o n t o d e t e r m i n e 
a v e r a g e o r a p p a r e n t m o l e c u l a r we igh t of d i s s o l v e d o r g a n i c m a t t e r . ' Sephadex ' 
g e l s w e r e c a l i b r a t e d by s u b s t a n c e s of known m o l e c u l a r w e i g h t s s u c h a s p r o t e i n s , 
p e p t i d e s f and d e x t r a n s . It a p p e a r s t h a t g e l s c a l i b r a t e d in t h i s fash ion y i e ld 
a v e r a g e m o l e c u l a r w e i g h t s 2 to 10 t i m e s h i g h e r t han t h o s e ob ta ined by v a p o r 
p r e s s u r e o s m o m e t r y (Schn i t ze r and Sk inner , 1968). 
S u m m a r y f o r m u l a e b a s e d on e l e m e n t a l c o m p o s i t i o n , oxygen -con t a in ing 
funct ional g r o u p con ten t , and Mn w e r e c a l c u l a t e d fo r RS36A and i t s f r a c t i o n s 
(Tab l e 6 ) . T h e n u m b e r of hydroxy l g r o u p s w a s c a l c u l a t e d f r o m t h e pheno l i c 
hyd roxy l con ten t and i s no t r e p r e s e n t a t i v e of t h e t o t a l hyd roxy l c o n t e n t . O t h e r 
oxygen-conta in ing funct ional g r o u p s s u c h a s a l coho l i c h y d r o x y l , m e t h o x y l , and 
c a r b o n y l g r o u p s w e r e no t d e t e r m i n e d fo r RS36A and though no t inc luded in t he 
s u m m a r y f o r m u l a e a r e p r o b a b l y p r e s e n t in s m a l l a m o u n t s . T h e n i t r o g e n con ten t 
in t h e s u m m a r y f o r m u l a e i s low and c o n s i s t s m o s t l y of a m i n o ac id n i t r o g e n 
(Beck e t a l . , 1973). Oxygen-conta in ing funct ional g r o u p s c o m p r i s e d f r o m 2 0 . 9 
p e r c e n t t o 4 3 . 6 p e r c e n t of t h e M n . 
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CONCLUSIONS 
B a s e d on c h e m i c a l and p h y s i c a l c h a r a c t e r i s t i c s , r i v e r w a t e r o r g a n i c 
m a t t e r c o n s i s t s of humic s u b s t a n c e s , t he bulk of wh ich r e s e m b l e s fulvic a c i d . 
In a r e a s of h igh r a in fa l l and low r e l i e f such a s t h e Sat i l la R i v e r B a s i n , l a r g e 
q u a n t i t i e s of h u m i c s u b s t a n c e s a r e p r o d u c e d f r o m the d e g r a d a t i o n of abundant 
v e g e t a t i v e l i t t e r (Beck et a l . , 1973). Of t h e h u m i c s u b s t a n c e s p r o d u c e d , only t he 
m o r e s o l u b l e , l o w e r m o l e c u l a r we igh t m a t e r i a l i s c a r r i e d in to t he r i v e r . L i m i ­
t ed by i t s so lub i l i t y in w a t e r , r i v e r w a t e r o r g a n i c m a t t e r i s of r e l a t i v e l y low 
p o l y d i s p e r s i t y when c o m p a r e d to o t h e r h u m i c s u b s t a n c e s . As r i v e r w a t e r 
o r g a n i c m a t t e r i s t r a n s p o r t e d d o w n s t r e a m , the h i g h e r m o l e c u l a r we igh t p o r t i o n 
(low in t o t a l ac id i ty ) r e s e m b l i n g h u m i c ac id i s r e m o v e d , p r o b a b l y by f loccu la t ion . 
The d i s s o l v e d o r g a n i c m a t t e r t r a n s p o r t e d t o t he e s t u a r y would be c h a r a c t e r i z e d 
by low m o l e c u l a r we igh t and h igh exchange c a p a c i t y . 
T h e r e s u l t s of t h i s s tudy have b r o a d i m p l i c a t i o n s r e g a r d i n g e n v i r o n m e n t a l 
p r o b l e m s s u c h a s t h e tox ic m e t a l pol lu t ion of r i v e r s and e s t u a r i e s . Heavy i n d u s ­
t r i e s and d e n s e popula t ion c e n t e r s have i n c r e a s i n g l y d i s c a r d e d w a s t e p r o d u c t s 
in to t h e r i v e r s . Heavy m e t a l s found a s p a r t of t h e s e w a s t e p r o d u c t s have t h e 
a b i l i t y t o f o r m s t a b l e , w a t e r so lub l e o r g a n o - m e t a l l i c c o m p l e x e s wi th h u m i c s u b ­
s t a n c e s (Schn i t ze r , 1971). P r e c i p i t a t i o n of h e a v y m e t a l s a s i n so lub le s a l t s i s 
p r e v e n t e d by t he p r e s e n c e of so lub le h u m i c s u b s t a n c e s (Rashid and L e o n a r d , 1973). 
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In t h e Sat i l la R i v e r and o t h e r r i v e r s , w h e r e d i s s o l v e d o r g a n i c m a t t e r r e s e m b l i n g 
h u m i c s u b s t a n c e s i s abundant , i t s p r e s e n c e m a y p l ay an i m p o r t a n t r o l e in the 
t r a n s p o r t a t i o n of heavy m e t a l s . O r g a n i c m a t t e r and m e t a l - o r g a n i c c o m p l e x e s 
a r e i n t r o d u c e d to t h e e s t u a r y a s e i t h e r d i s s o l v e d o r co l lo ida l m a t e r i a l . In 
l a b o r a t o r y s t u d i e s , t h e addi t ion of an e l e c t r o l y t e s u c h a s NaCl t o h u m i c c o l l o i d s 
c a u s e s coagu la t ion (Ong and B i s q u e , 1968). Thus i t i s expec ted t h a t when so lub le 
o r g a n i c m a t t e r and a s s o c i a t e d m e t a l s t r a n s p o r t e d by r i v e r w a t e r e n c o u n t e r 
i n c r e a s e d s a l i n i t y in t h e e s t u a r y , f loccu la t ion o c c u r s r e s u l t i n g in r a p i d depos i t i on 
and a c c u m u l a t i o n of m e t a l in s a l t m a r s h s e d i m e n t s . 
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